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ABSTRACT

Aerosol indirect effects are the most uncertain of the climate forcing mechanisms that have operated through the
industrial period. Several studies have demonstrated modifications of cloud properties due to aerosols and
corresponding changes in shortwave and longwave radiative fluxes under specific cloud conditions, but some recent
studies have indicated that cloud dynamical processes such as entrainment-mixing may be the primary modulator of
cloud optical properties in certain situations. For example, day-to-day variations of the cloud drop effective radius
determined from the ground-based remote sensing at the Southern Great Plains were found to be weakly associated
with the variations in aerosol loading as characterized by its light-scattering coefficient at the surface, implying that
other processes were impacting the cloud radiative properties. To study these other impacts, we extend a previous
study to investigate the role of changes in liquid water path (LWP) and the effective radius in single layer stratiform
clouds that are induced by entrainment-mixing processes and their effects on cloud radiative properties. We quantify
the degree of entrainment-mixing in terms of the adiabaticity defined as the ratio of the observed cloud liquid water
path to the corresponding adiabatic value. The cloud optical depth is, as expected, governed primarily by LWP, but
that adiabaticity is the next most influential factor. In contrast, the effective radius is found to be equally sensitive to
adiabaticity and LWP. In adiabatic clouds the aerosol first indirect effect is clearly observed and related to
independent measures of aerosol loading. In sub-adiabatic clouds the aerosol first indirect effect is not readily
observed; this may in some circumstances be due to interference from heterogeneous mixing processes that change
the droplet number density in a manner that attenuates the effect.
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